Introduction
Artemisia scoparia (redstem wormwood), the family Asteraceae, is widely distributed in Asian countries, including China, Korea, and Japan (1, 2) . A. scoparia is abundantly found in the coastal salt marshes in Korea (3) . This plant has a unique aroma and bitter taste and is used as a vegetable and medicinal herb in Korea. Several studies have reported that A. scoporia has various health-promoting effects, including antioxidant, anti-inflammatory, antiatherogenic, anticancer, liver protection, antinociceptive, and antipyretic activities (4) (5) (6) (7) (8) (9) (10) (11) . In addition, A. scoparia reduces non-alcoholic fatty liver disease by enhancing hepatic insulin and AMP-activated protein kinase (AMPK) signaling in diet-induced obese mice (12) . Diverse chemical constituents, such as flavonoids, scopariachromane, coumarins, sterols, and essential oils, have been found in A. scoporia (1, 2, 5, 7, 9, 13) . We previously reported that A. scoporia reduces blood pressure in spontaneously hypertensive rats via the inhibition of plasma angiotensin I-converting enzyme (ACE) activity, enhancement of vascular endothelial growth factor expression, and the suppression of ras homolog gene family member A expression, resulting in the reduction of oxidative stress and inflammation (14) . In addition, seven ACE inhibitors, including 4-O-β-D-glucopyranoyl (E)-4-hydroxy-3-methylbut-2-enyl benzoate, eugenol 2 O-β-D-glucopyranoside, and 4-(O-β-D-glucopyranoyl)-3-(3-methyl-2-butenyl)acetophenone, have been found in the aerial parts of A. scoporia (14) . In the course of investigations on ACE inhibitors, 10 compounds, including seven sesquiterpene lactones and three scopoletin derivatives, were additionally isolated. In this study, we report the isolation and structural determination of seven sesquiterpene lactones and three scopoletin derivatives from the hot water extracts of the aerial parts of A. scoporia. In addition, the ACE inhibitory activities of the isolated compounds from A. scoporia aerial parts were evaluated.
Materials and Methods
Chemicals and materials The aerial parts of A. scoparia were collected in May 2013 in Shinan County, Korea. After washing, the aerial parts were steamed for 2 min, dried at 45 o C for 2 days, and the dried samples were stored at −20 o C until used. Rabbit lung acetone powder, N-hippuryl-L-histidyl-L-leucine (HHL), hippuric acid, and quercetin were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). All solvents used for analyses were of highperformance liquid chromatography (HPLC) grade.
Extraction, solvent fractionation, and isolation The dried aerial parts (1.6 kg) of A. scoparia were extracted with distilled water (40 L) for 30 min using autoclave (HS-196; Hansin Medical Co., Ltd., Incheon, Korea) and filtered through No. 2 filter paper (Whatman, Maidstone, UK). The residues were repeatedly extracted with distilled water (20 L) and filtered. The hot water-extracted solutions were freeze-dried (LP10; Ilshin Lab Co., Ltd., Seoul, Korea) to obtain the hot water extract powder (461 g) of A. scoparia. The H 2 O suspension (3 L) of the hot water extracts was successively partitioned with nhexane (32 L, three times), chloroform (CHCl C-NMR data shown in Table 1 C-NMR data shown in Table 1 C-NMR data shown in Table 1 C-NMR data shown in Table 1 C-NMR data shown in Table 1 C-NMR data shown in Table 1 C-NMR data shown in Table 1 Determination of ACE inhibitory activity According to Cushman and Cheung (15) , the ACE inhibitory activities were assayed by measuring the hippuric acid released from HHL with slight modification. The samples (20 μL) containing the fractions and the isolated compounds were mixed with 130 μL of 0.1 M sodium borate buffer (pH 8.3) containing 300-mM NaCl and 50 μL of 5-mM HHL, which was pre-incubated at 37 o C for 10 min. The mixture was added to ACE extract (100 μL) of rabbit lung acetone powder. After incubation at
o C for 90 min, the reaction was stopped by adding 2 N HCl (0.2 mL) and partitioned with 2 mL of EtOAc. The EtOAc layer (1.5 mL) was concentrated in vacuo and the concentrate was dissolved in 1 M NaCl (1 mL). The absorbance (A) was measured at a wavelength of 228 nm using a spectrophotometer (HP8542A; GMI, Inc., Ramsey, MN, USA). Quercetin was used as a positive control. The absorbance (B) of quercetin, fractions, and isolated compounds were measured without the ACE extract, as described in the above procedure. The ACE inhibitory activities of the samples were determined as a percentage decreased from absorbance of a control test. The ACE inhibitory activities of the isolated compounds at a concentration of 1 mM were analyzed. ACE inhibitory activity (%)=[(control−(A−B))/ control]x100.
Statistical analysis Data are expressed as means with standard deviations (SD) using the SPSS (IBM, Armonk, NY, USA) 19.0 software package. The significance of difference was assessed by one-way analysis of variance, followed by Tukey's multiple comparison test. A value of p<0.05 was considered to indicate significance.
Results and Discussion
Isolation and structural determination The dried aerial parts of A. scoparia were extracted with hot water, and the H 2 O suspension of the hot water extracts were partitioned to obtain n-hexane, CHCl 3 , EtOAc, BuOH, and H 2 O fractions. The hot water extract and fractions showed ACE inhibitory activities (Fig. 1) . In particular, the CHCl 3 fraction (30.6%) exhibited the highest ACE inhibitory activity. The ACE inhibitory activity (23.7%) of EtOAc fraction was similar to that of the hot water extracts (26.1%). BuOH and H
2
O fractions showed very low ACE inhibitory activities (<2%) (Fig. 1) . Therefore, we attempted to isolate and identify the ACE inhibitors from the CHCl and EtOAc fractions were combined and fractionated by silica gel column chromatography. Eleven fractions were grouped by TLC profile and evaluated by ACE inhibitory assay. Fractions C and D showed the highest ACE inhibitory activities. In addition, fraction A had a slightly higher ACE inhibitory activity than the other fractions. We previously reported the isolation and identification of seven ACE inhibitors, including a new compound [4-O-β-D-glucopyranoyl (E)-4-hydroxy-3-methylbut-2-enyl benzoate] from fractions C and D (14) . In this study, we additionally isolated 10 compounds (1-10) from fractions A and C by column chromatography and HPLC (Fig. 2) . Among them, three known compounds were identified as scopoletin (7) (16), scoparone (8) (17) , and isofraxidin (9) (18) (Fig. 3) (Table 2 ). Therefore, compound 1 was suggested to be a sesquiterpene lactone containing a ketone and two unsaturated methylene groups. The connectivity of 1 was further confirmed by the heteronuclear single quantum correlation (HSQC), protonproton correlation spectroscopy ( (Fig. 3, bold lines) , indicating that the skeleton structure of 1 was guaian-6,12-olide. The longrange proton-carbon correlations were observed in the HMBC spectrum (indicated by arrows in Fig. 3 ). In particular, the correlations of H-1, H-5, and H-15 to C-3 in the HMBC spectrum (indicated by arrows in Fig. 3 ) indicated that a ketone group was located at C-3 of guaian-6,12-olide. In addition, the correlations of H-13a to C-1 and C-9 and H-14a to C-7 and C-12 in the HMBC experiment (Fig. 2 ) established that two unsaturated methylene groups were of the C-10 and C-11 of guaian-6,12-olide, respectively. In the nuclear overhauser effect (NOE) experiments of 1, the irradiation of H-1 at δ 3.10 enhanced the signals of H-5 at δ 2.31, H-7 at δ 3.00, and H-15 at δ 1.28 suggesting that H-1, H-5, H-7, and H-15 were in a same configuration. The absolute stereostructure was determined (Fig. 3) by a comparison of specific rotation of that reported in literature (19) . Therefore, the structure of compound 1 was identified as 3-oxo-10(14),11(13)-guaiadien-6α,12-olide (estafiatone) (Fig. 3) .
The C-NMR spectra of 2-6 were similar to those of 1 (Table 1 and 2 ). The α,β-unsaturated-γ-lactone ring moiety was identical, and the hydroxyl groups, double bonds, and their positions slightly differed, which were suggested to be sesquiterpene lactones. The structures of 2-6 were determined using 2D (HSQC, HMBC, 
H-

1
H COSY, and NOESY)-NMR and MS spectroscopic data. Consequently, these compounds, with the exception of 3, were identified as 3β,4α-dihydroxyguaia-11(13),10(14)-dien-6α,12-olide (2) (20), estafiatin (4) (21), preeupatundin (5) (22), and 3β-hydroxycostunolide (6) (23) (Fig.  3) by a comparison of NMR and MS spectroscopic data previously reported.
The molecular formula of 3 was C (Table 1 and 2) . Therefore, the structure of 3 was proposed to be guaiatrienolide coupled with a hydroxyl group. In addition, the proposed structure of 3 was determined to be 5-hydroxyguaia-3(4),11 (13),10(14) Fig. 3) , and HMBC (indicated by arrows in Fig. 3) . The planar structure of 3 was unambiguously identified as 5-hydroxyguaia-3(4),11 (13),10(14)trien-12,6-olide, which is a new compound named scoporanolide (Fig. 3) . Correlations of H-1 and H-6 observed in the NOESY spectrum and the coupling constant value (8.4 Hz) of H-6 indicated that H-1 and H-6 had the same configuration and H-7 configuration was different from those of H-1 and H-6. However, the structural determination of the absolute stereochemistry of a hydroxyl group in C-5 was impossible in NOESY experiment. Therefore, the unambiguous determination of the absolute stereochemistry for the hydroxyl group in C-5 of 3 should be the subject of further study, such as CD analysis or X-ray crystallography.
The molecular formula of 10 was C C-NMR spectra of 10 were similar to those of eudesmanolides (24) . The C-NMR spectrum was confirmed by HSQC, suggesting that 10 was eudesmadien-12,6-olide coupled to two hydroxyl groups. The planar structure of 10 was assigned as 1,4-dihydroxyeudesma-4(15),11(13)-dien-12,6-olide by Fig. 3 ) and HMBC (indicated by arrows in Fig. 3) . Correlations of H-1/H-5, H-1/H-3, and H-5/H-7 were observed in the NOESY spectrum, suggesting that H-1, H-5, H-7, and H-15 had the same configuration. In addition, correlations of H-6/H-14 were observed in the NOESY spectrum, suggesting that H-6 and H-14 had the same configuration, which were different from those of H-1, H-5, H-7, and H-15. The C-NMR spectrum and optical density of 10 were in agreement with that of 1,4-dihydroxyeudesma-4(15),11(13)-dien-12,6α-olide (ludovicin B), as reported previously (24) . Consequently, the structure of 10 was unambiguously identified as ludovicin B (Fig. 3) .
ACE inhibitory activity of isolated compounds
The ACE inhibitory activities of the identified compounds (1-10) are shown in Fig. 4 . The isolated compounds showed ACE inhibitory activities (6.8±0.2% -86.7±0.1%), albeit lower than that of captopril (1 nM, 51.2±3.3%) (data not shown), which has been used as a drug (25) . However, scopoletins (7-9) exhibited significantly (p<0.05) higher ACE inhibitory activities than sesquiterpene lactones (1-6 and 10) and quercetin. Among the scopoletins, scopoletin (7, 86 .7±0.1%) showed higher ACE activity than 8 (65.1±2.4%) and 9 (69.0±3.0%), which possesses methyl and methoxyl groups at the C-7 and C-8 positions of scopoletin, respectively. Sesquiterpene lactones (1-6 and 10) had relatively low ACE inhibitory activities. Interestingly, compounds 3 and 4, which possess dihydroxyl and epoxy groups at the C-3 and C-4 positions, respectively, showed significantly higher ACE inhibitory activities than other sesquiterpene lactones (1, 2, 5, and 6), and their activities were similar to that of quercetin. Isofraxidin 7-O-β-Dglucopyranoside, a glucoside of isofraxidin (9) identified in this study, has been reported to show ACE inhibitory activity (14, 26) . In addition, sesquiterpene lactones and scopoletins have been reported to show antioxidative and anti-inflammatory activities (27) (28) (29) (30) (31) . We previously found that the aerial part of A. scoporia reduced plasma lipid peroxidation and protein carbonyl oxidation and suppressed tumor necrosis factor alpha and NF-κB expression induced in spontaneously The signals of C-2 and C-7 overlapped.
hypertensive rats (14) . Therefore, the sesquiterpene lactones and scopoletins identified in this study might be partially responsible for the antioxidant and anti-inflammatory activities of A. scoparia. In this study, 10 compounds (1-10) were isolated from the aerial parts of A. scoparia (Fig. 3) and seven sesquiterpene lactones (1-6 and 10) and three scopoletins (7-9) were identified. To our knowledge, compound 3 is newly identified in nature. Scopoletins, (7) (8) (9) including the glucoside of 9, have been previously found in A. scoparia (1, 14) . In addition, the occurrence of sesquiterpene lactones, including 4 and 10 in Artemisia species, has been investigated (32) (33) (34) (35) . Seven sesquiterpene lactones (1-3 and 10) are firstly isolated from this plant. We previously reported that A. scoparia attenuated the increment of blood pressure in spontaneously hypertensive rats by reducing ACE activity and angiotensin II production. Seven ACE inhibitors, including one new phenolic glycoside, were isolated from this plant (14) . Furthermore, the 10 compounds identified in this study might contribute to the antihypertensive effects of A. scoparia. These results warrant further studies of the chemical constituents and biological effects of A. scoparia. 
